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Figure 5

Prohibitin mRNA (NM_002634)
AGTATGTGTGGTTGGGCAATTCATGTGCAGGTCAGAGTGCAAGCAGGTGTGAGAGGEGETCC

AGCAGAAGGAAACATGGCTGCCAAAGTGTITGAGTCCATTGGCAAGTTTIGGCCTGGECCTT

AGCTGTIGCAGGAGGCGTGGTGAACTCTGCCTITATATAATGTGGATGCTGGGCACAGAGC
TGETCATCTTITIGACCGAT TCCOGIGGAGTGCAGGACATTIGTIGGTAGGGGAAGGCGACTCATTT
TCTCATCCCGCTGGETACAGARAACCAAT TATCT TIGACTGCCETICTCGACCACGTAATGT
GCCAGTCATCACTGGTAGCAAAGATTTACAGAATGTCAACATCACACTGCGCATCCTCTT
CCGGCCTIGTCGCCAGCCAGCTTICCTCGCATCTTCACCAGCATCGGAGAGGACTATGATGA
GCGIGTIGCTGCCGTCCATCACAACTGAGATCCTCAAGTCAGTGGTGGCTCGLTTITGATGEC
TCGAGCAACTAATCACCCAGAGAGAGCTGGTCTCCAGGCAGGTGAGCGACGACCTIACAGA
GCGAGCCGCCACCTITGGGCTCATCCTIGGATGACGTGTCCTITGACACATCTGACCTTCGG
GAAGGAGTICACAGAAGCGGTGGAAGCCAAACAGGTGGCTCAGCAGGAAGCAGAGAGGGT
CAGATTIGTGGTGGAAAAGGCTGAGCAACAGAAAAAGGCGGCCATCATCTCTGLTGAGGG
CGACTCCAAGGCAGCTGAGCTGATTGCCAACTCACTGGCCACTGCAGGGGATGGCCTGAT
CGAGCIGCGCAAGCTGGAAGCTGCAGAGGACATCGCGTACCAGCTCTCACGCTCTICGGAA
CATCACCTACCTGCCAGCGGGGCAGTCCGTGCTCCICCAGCTGCCCCAGTGAGGGLGCCCAC

CCTGCCTGCACCTCCGLEEECTEACTGGECCACAGCCCCGATGATTCTTAACACAGCCTT
CCTTCTGCTCCCACCCCAGAAATCACTGTGAAATTTCATGATTCGGCTTAAAGTGAAGGAA
ATAAAGGTAAAATCACTTCAGATCTCTAATTAGTCTATCAAATGAAACTCTTTCATTCTT
CTCACATCCATCTACTTTTTTATCCACCTCCCTACCAAAAATTGCCAAGTGCCTATGCAA
ACCAGCTTTAGGTCCCAATTCGEEGCCTGCTGGAGTTCCGGCCTGGGCACCAGCATTTGE
CAGCACGCAGGCGGGGCAGTATGTGATGGACTGGGGAGCACAGETGTCTGCCTAGATCCA
CGTETEECCTCCETCCTEGTCACTGATGGAAGGTTTGCGGATGAGGECATGTGCEGCTGAA
CTGAGAAGGCAGGCCTCCETCTTCCCAGCEETTCCIGTGCAGATGCTCGCTGAAGAGAGGT
GCCGGCEAGGEECAGAGAGGAAGTGETCTGTCTGTTACCATAAGTCTGATTCTCTTTAAC
TETGTGACCAGCCGAAACAGGTGTGTGTGAACTEGGCACAGAT TGAAGAATCTECCCCTE
TTGAGGTGGGTGEGECCTGACTETTGCCCCCCAGGGTCCTAAAACTTGGATGGACTTGTAT
AGTGAGAGAGGAGGCCTGGACCGAGATGTGAGTCCTGETTGAAGACTTCCTCTCTACCCCC
CACCTTGGTCCCTCTCAGATACCCAGTGGAATTCCAACTTGAAGGATTGCATCCTGCTGG
GGCTGAACATGCCTGCCAAAGACGTGTCCGACCTACGTTCCTGGCCCCCTCGTTCAGAGA
CTGCCCTTCTCACGGGCTCTATGCCTGCACTGGGAAGGAAACAAATCTCTATAAACTGCT

GTCAATAAATGACACCCAGACCTTCC

Figure G

Prohibitin amino acid sequence
MAAKVFESIGKFGLALAVAGGVVNSALYNVDAGERAVIFDRFRGVQDIVVGEGTHFL IPW
VOKPIIFDCRSRPRNVPVITGSKDLONVNITLRILFRPVASQLPRIFTSIGEDYDERVLP
SITTEILKSVVARFDAGELITQRELVSRQOVSDDLTERAATFGLILDDVSLTHLTFGKEF T
RAVEAKQVAQQEAERARFVVEKAEQQOKKAAIISAEGDSKAAEL IANSLATAGDGLIELRK
AAEDIAYQLSRSRNITYLPAGQSVLLOLPQ

L]

L]
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US 8,658,015 B2

1

PROHIBITIN AS TARGET FOR CANCER
THERAPY

This application 1s continuation of U.S. Ser. No. 11/663,
591 filed Apr. 30, 2007, which 1s a 35 U.S.C. 371 National

Phase Entry Application from PCT/EP2005/010339, filed
Sep. 23, 2005, which claims the benefit of European Patent
Application No. EP 04 022 '730.8 filed on Sep. 23, 2004, the
disclosures of which are incorporated herein 1n 1ts entirety by
reference.

The present invention relates to pharmaceutical composi-
tions comprising inhibitors of Prohibitin (PHB) for the pre-
vention or/and treatment of hyperproliferative disorders. Fur-
ther, the present invention concerns PHB inhibitors and
screening methods for identification of PHB inhibitors,
which inhibitors are suitable for prevention or/and treatment
of hyperproliferative disorders.

Ras-MAPK cascade has been activated in almost all
tumours and plays a very important role in proliferation,
tumour cell migration, invasion of the extracellular matrix,
resistance to apoptosis and angiogenesis (ability to induce
new blood vessel formation). There are at least 20 new thera-
peutic agents 1n clinical trials at present exploiting the inter-
action and activation of several components of this highly
conserved pathway. This includes a range of Farnesyl trans-
terase inhibitors (FT1s) to block the translocation of Ras to the
plasma membrane, for example the drug R115777 (Zanestra
1s 1 clinical trail phase III), SCH66336 (SARASAR), to
antisense oligonucleotides to Raf and H-Ras (ISIS5132 and
ISIS25403) from Isis pharmaceuticals. Apart from targeting
the Ras-MAPK cascade there are also several drugs targeting
upstream pathways most importantly the EGF receptor fam-
1ly members. As EGFR or 1ts family members 1s found to be
highly expressed in more than 50% of carcinomas. Most
importantly Her-2, an EGFR family member 1s amplified and
therefore the causative for breast cancer. The drugs which
target these members range from kinase inhibitors like the
OSI-774 (Tarceva) to the well known Herceptin (Transtu-
zumab, a humanized antibody) which 1s now licensed for use
on breast cancer. The major aim of these drugs 1s to reduce the
hyper activation of Ras-MAPKk kinase cascade and sensitize
them to chemotherapeutic cancer drugs. As we have 1denti-
fied PHB as a new modulator of this known pathway, target-
ing PHB could be a potential alternative 1n all these cases.

Ras proteins control signalling pathways responsible for
normal growth and malignant transformation. Raf protein
kinases are direct Ras effector proteins initiating the mitogen-
activated protein (IMAP) kinase cascade leading to the acti-
vation of transcription factors via ERK. Here we show, that
prohibitin (PHB), a ubiquitously expressed and evolution-
arily conserved protein 1s indispensable for the activation of
the Ral-MAP kinase pathway by Ras. Rafl kinase fails to
interact with active Ras induced by epidermal growth factor
(EGF) 1n the absence of prohibitin. Prohibitin and Raf kinase
are enriched in caveolae and after depletion of prohibitin, Raf
kinase 1s lost from this compartment. Constitutively active
Rafkinase induces ERK activation independent of prohibitin.
Interestingly, we find a prominent role of the prohibitin
dependent branch of the Ras signalling pathway 1n epithelial
cell adhesion and migration. In prohibitin deficient cells the
adherent complex proteins cadherin and 3-catenin relocalise
to plasma membrane and thereby stabilize adherent junc-
tions. Our data show an unexpected role of prohibitin 1n the
activation of the Ras-Raf signalling pathway and 1n modulat-
ing epithelial cell adhesion and migration.

Prohibitin (PHB) 1s involved 1n diverse cellular processes
like proliferation and energy metabolism and 1s found 1n
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different cellular compartments including the nucleus and
mitochondria (1). We 1dentified PHB 1n a RNA interference
based loss of function screen for proteins involved in the
regulation of apoptosis (Machuy et al., in press). Besides the
slight sensitisation for apoptotic stimuli observed (not
shown), the most prominent phenotype of HelL.a cells trans-
tected with siRNAs to suppress PHB expression (siPHB) was
reduced spreading and increased intercellular adhesion to
form tiny 1slands of densely packed cells in place of a uniform
monolayer (FI1G. 1). The observed phenotype correlated with
prohibitin expression because, due to the transient effect of
siRNAs, PHB expression was normal 6 days post transiection
and the growth of epithelial cell as monolayer was restored
(data not shown). In order to exclude unspecific effects of the
s1IRNNA used, an additional siRNA designed to target the cod-
ing region (siPHB-2) and one to target the 3' untranslated
region (siPHB-3) of the prohibitin mRNA were used. All
siIRNA, siPHB (FIG. 1A,B), siPHB-2 (FIG. S1) and siPHB-3
(FIG. 1E,F) efficiently interfered with the expression of pro-
hibitin and 1nduced a similar phenotype as siPHB (FIG. S1C,
FIG. 1C,D). PHB expression was then complemented 1n
siPHB-3 transfected cells by co-transiecting an expression
plasmid harbouring the cloned PHB gene. Complemented
cells formed monolayers suggesting that the formation of
small 1slands depended on the lack of PHB (FIG. 1D). An
similar phenotype could also be detected 1n other cell types
like human larynx carcinoma (HEp-2) and gastric cancer
cells (AGS) (not shown).

To investigate the nature of 1ntercellular adhesion we per-
formed scanning and transmission electron microscopy stud-
ies on cells with silenced PHB expression. FIG. 2 (A-D)
shows the SEM and TEM 1mages of the control transiected
and s1PHB transfected cells. As observed previously, cells
transtected with s1iPHB have almost no intercellular spaces
and packed compactly when compared to the control trans-
tected cells. To check 11 the increased intercellular adhesion
was due to the formation and/or stabilization of adherens
junctions (Als), we performed confocal microscopy analysis
in the PHB knock down cells. The formation and/or the sta-
bilization of the Als can be studied by monitoring the 1ntra-
cellular localizations of AJ complex proteins like cadherins or
3-catenin. In contrast to control cells, PHB knock down cells
exhibited a strong staining for both cadherins and 3-catenin at

the plasma membrane indicating a predominant lateral local-
ization ol these junctional proteins resulting in stabilized
adherens junctions (FI1G. 2) (E-1).

The control of adherens junction formation 1s an 1mportant
step of malignant transformation in epithelial cells and has
previously been shown to be controlled by receptor tyrosine
kinases like the epithelial growth factor receptor (EGFR) and
the human EGFR-related 2 (Her-2). Both receptors are
deregulated in several epithelial tumours leading to constitu-
tive kinase activity (2) and malignant transformation (3).
Stimulation of these receptors with epidermal growth factor
(EGF) results 1n the enhanced migration on collagen (4) or
extracellular matrix a widely used 1n vitro model for studying
cancer metastasis (5). Hela cells lacking PHB expression
were defective 1 such a migration assay (FIG. 2K) suggest-
ing that PHB 1s required for EGF-1nduced migration.

We tested then whether down regulation of the Her-2 or
EGFR resulted 1n the formation of cell clusters as previously
observed for cells lacking PHB expression. Cells depleted of
Her-2 (FIG. S2) or EGFR (not shown) formed cell clusters
similar to those observed in cells with reduced PHB expres-
sion. Transiection of siPHB had no effect on the amount of
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surface exposed EGFR (not shown) or Her-2 (FI1G. S2), sug-
gesting that PHB 1s involved 1n a signalling pathway down-
stream of EGFR and Her-2.

EGFR and Her-2 signal via Ras proteins to ditlerent path-
ways involved in cell proliferation, migration, differentiation
including the Rat-MAPK-ERK or the phosphoinositide 3-ki-
nase (PI3K)-AK'T pathway (2,6). Interestingly, depletion of
Her-2 or PHB strongly reduced the phosphorylation of ERK
but not of AKT suggesting a specific involvement of PHB in
the Ras-Ral-MAPK pathway (FIG. 3A). Neither the protein
levels of Ras, Raf-1, ERK2 (FIGS. 3 and 4) or MEK-1 (not
shown) were reduced in PHB depleted cells ruling out an
unspecific inhibitory effect of the transiected siRINA. Further-
more, expression of the cloned PHB gene 1n siPHB trans-
tected cells restored the EGF-dependent phosphorylation of
ERK showing a specific function of PHB 1n signalling from
RTK receptors to ERK (FIG. 3H).

Raf-1 kinase 1s regulated by phosphorylation at several
amino acids. Ser259 1s the major target for inhibitory phos-
phorylation and dephosphorylation of Ser239 generally pre-
cedes the activating phosphorylation at the Ser338 (7). As
expected, stimulation of Hela cells with EGF caused an
increased phosphorylation of Raf-1 at Ser338 (FIG. 3D).
Interestingly, cells lacking PHB lacked the basal as well as the
EGF induced phosphorylation at Ser338 indicative of a block
in Raf-1 kinase activation by PHB depletion (FIG. 3D).
Moreover, in the absence of PHB, no alteration or relatively
high levels of Raf-1 phosphorylated at Ser259 were detected
(FIG. 3D). Restoration of PHB expression by complementing
the s1iPHB transfected cells with the cloned PHB gene
restored the basal as well as EGF-dependent activation of
Rat-1, apparent by high Raf-1 pSer338 and low Rai-1
pSer259 levels (FI1G. 3D). Thus, PHB 1s required for EGF-
induced Rat-1 activation.

If PHB 1s involved 1n the activation of Raf-1-MFEK-ERK,
cell clusters induced by reduced motility and stabilized adhe-
rens junctions should be affected by direct activation of Rai-1
or the expression of a constitutively active Raf-1 dervative.
Treatment of siPHB transiected cells with phorbol myristate
acetate (PMA), an activator of Rat-1 (8), rapidly resolved the
cell clusters formed upon PHB depletion in between 2 to 4
hours upon addition (FIG. 3E; see also supplementary
movie). As expected, PMA treated cells showed increased
ERK phosphorylation irrespective of the presence or absence
of PHB (FIG. 3F). Likewise, expression ol a constitutive
active Raf-1 mutant RatBXB (9) was suilicient to prevent
clusters formation in cells with silenced PHB expression

(FI1G. 3G,H). RatBXB expression stimulated the phosphory-
lation of ERK 1n s1iPHB-3 transfected cells to a similar extent
as the transgenic expression of the cloned PHB gene (FIG.
3G,H). Taken together, these data demonstrate a direct role of
PHB 1n the activation of Rai-1.

Activation of Raf-1 requires the Ras-dependent recruit-
ment to the plasma membrane (10,11) where both proteins
reside in special caveolin rich patches called caveolae (12).
PHB has previously been shown to localise to the plasma
membrane and further a direct interaction of PHB and Rai-1
was also reported 1n U937 cells (13). We have also detected
Rat-1, as well as Raf-1 pS338 in the PHB immunoprecipitates
from Hela cells treated with or without EGF (FIG. S3). Inter-
estingly, we also found PHB 1n caveolae together with Rai-1
(FIG. 4A). However, Ral-1 was not detected 1n the caveolae
of siPHB treated cells (FIG. 4A), suggesting that PHB 1s
required at a step prior to membrane recruitment of Rai-1.

The GTP-bound active form of Ras proteins directly binds
and activates Raf-1 (14). We therefore asked whether Ras and
Raf still interact in PHB depleted cells. As expected, endog-
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enous Rai-1 interacted with Ras in EGF treated cells trans-
tected with control siRNAs but not 1n untreated cells (FIG.
4B ) demonstrating the activation dependent binding of Ras to
Rai-1. Interestingly, the binding of Ras and Raf-1 was com-
pletely abrogated 1n cells lacking PHB (FIG. 4B) suggesting
a direct role of PHB in the interaction of Ras and Rai-1. To
coniirm that PHB interferes with activation of Ratf-1 by Ras
we transiected constitutively active HA-Ras(G12V) 1n HelLa
cells and e1ther co-transiected with siPHB or control siRNAs.

Interestingly, overexpressed active Ras(G12V) induced the
activation of Raf-1 and ERK 1n control transfected cells but

not in cells depleted of PHB (FI1G. 4D). These results clearly

show that PHB 1s required for the interaction of Raf-1 and
Ras, a prerequisite for membrane translocation and activation

of Raf-1.

We have demonstrated an unexpected role of PHB 1n the
activation of Raf-1 by Ras. Moreover, the branch of the Ras
signalling cascade controlled by PHB plays an important role
in the motility of the cell. In fact, tumour cells with reduced
PHB expression showed a dramatic redistribution of cadherin
and {3-catenin to the plasma membranes indicative of a con-
version of the tumour cells from a transformed to a non-
transformed phenotype (15). Moreover, prohibitin has been
shown to be over expressed 1n gastric carcinoma, neoplastic
thyroid cancer, hepatocellular carcinoma, hyperplasia,
adenocarcinoma, and bladder carcinoma (16-20) indicating
that prohibin may play a prominent role 1n the progression of
neoplastic carcinoma. The facts that activating Ras mutations
are found 1n more than 20% of all tumours (21) and that the
highly conserved PHB 1s essential for signalling via Ras
imposes PHB as a possible target for tumour therapy. One
strategy could depend on the specific interference with the
binding of PHB to Raf kinases 1n order to block activation by
oncogenic Ras proteins and cellular transformation.

In one embodiment of the present invention, cancers with
high expression of EGFR or Ras point mutations (pancreas,
lung adenocarcinoma, colorectal, thyroid, bladder, liver and
kidney) can be treated or prevented by decreasing the PHB
activity 1n the method of the present invention for treating
or/and prevention of hyperprolerative disorders. In some of
these cancers, PHB 1s overexpressed. Since increased PHB
levels are found 1n metastases, metastatic tumours can also be
treated by decreasing PHB activity.

Subject of the present invention 1s also treatment of EGFR
overexpressing tumours, Her-2 family overexpressing
tumours, Herceptin resistant tumours, B-Ral transformed
tumours, or/and Raf-1 transformed tumours. Since PHB sig-
nals downstream of EGFR and Her-2, also EGFR overex-
pressing tumours and Her-2 family overexpressing tumours
can be treated by inhibition of PHB or/and downregulation of
PHB.

Since Herceptin acts on Her-2, PHB 1nhibition may be an
alternative treatment strategy 1n Herceptin resistant tumours,
acting e.g. via EGFR signalling which 1s a path alternative to
the Her-2 path.

The involvement of PHB 1n the signalling cascade of Rai-1
or/and B-Rat leads to the conclusion that also Raf-1 (C-Rat)
transformed tumours or/and B-Raf transformed tumours can
be treated by inhibition or/and downregulation of PHB.

As we have 1dentified that reducing the activity of PHB 1n
tumour cells block the Rat-Mapk kinase cascade directly and
eificiently, RNA interference, antisense nucleic acids or/and a
chemical based approach can be employed to reduce PHB
expression 1n tumour cells 1n the method of the present inven-
tion for treating or/and prevention of hyperprolerative disor-
ders.
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PHB 1inhibition in the context of the present invention
includes downregulation of PHB transcription or/and trans-
lation. While not wishing to be bound to theory, the mecha-
nism of PHB action may be targeting of PHB to membranes
combined with targeting of a Raf kinase, 1n particular Rai-1
(C-Rat) to membranes. Further, posttranslational modifica-
tion may be important for the proper action of PHB. There-
tore, PHB 1nhibition of the present invention also includes
inhibition of targeting of PHB to membranes, inhibition of
targeting of a Raf kinase, in particular Raf-1 (C-Ratf) to mem-
branes, and inhibition of posttranslational modification of
PHB, 1n particular of posttranslational modifications required
tor PHB targeting to membranes or/and required for Raf
kinase, 1n particular Raf-1 targeting to membranes.

The PHB-Ratf mteraction 1s mediated by a sequence of
about 20-30 amino acids, indicating that the interaction
between PHB and Raf can be interrupted with either a small
molecule mhibitor or a small peptide.

In one embodiment, the inhibitor of PHB of the present
imnvention 1s a nucleic acid, which can be

1 an RNA molecule capable of RNA interference,

11 a precursor of the RNA molecule (1), or

111 a DNA molecule encoding the RNA molecule (1) or the

precursor (11).

RNA molecules capable of RNA interference are described
in WO 02/44321 whaich 1s included by reference herein.

Preferably, the inhibitor of the present invention, 1n par-
ticular the nucleic acid of the present invention, 1s used 1n a
pharmaceutical composition.

The antibody of the present invention may be a monoclonal
or polyclonal antibody, a chimeric antibody, a chimeric single
chain antibody, a Fab fragment or a fragment produced by a
Fab expression library.

Techniques of preparing antibodies of the present mven-
tion specific for PHB are known by a skilled person. Mono-
clonal antibodies may be prepared by the human B-cell hybri-
doma technique or by the EBV-hybridoma technique (Kéhler
et al., 1975, Nature 256:495-497, Kozbor et al., 1985, J.
Immunol. Methods 81, 31-42, Cote et al., PNAS, 80:2026-
2030, Cole et al., 1984, Mol. Cell Biol. 62:109-120). Chi-

meric antibodies (mouse/human) may be prepared by carry-

ing out the methods of Morrisonetal. (1984, PNAS, 81:6851 -
6855), Neuberger et al. (1984, 312:604-608) and Takeda et al.
(1983, Nature 314:452-454). Single chain antibodies may be
prepared by techniques known by a person skilled 1n the art.

Recombinant immunoglobulin libraries (Orlandi et al,
1989, PNAS 86:3833-3837, Winter et al., 1991, Nature 349:
293-299)may be screened to obtain an antibody of the present
invention which are specific against PHB. A random combi-
natory 1mmunoglobulin library (Burton, 1991, PNAS,
88:11120-11123) may be used to generate an antibody with a
related specifity having a different idiotypic composition.

Another strategy for antibody production 1s the 1n vivo
stimulation of the lymphocyte population.

Furthermore, antibody fragments (containing F(ab'), frag-
ments) of the present invention can be prepared by protease
digestion of an antibody, e.g. by pepsin. Reducing the disul-
fide bonding of such F(ab'), fragments results in the Fab
fragments. In another approach, the Fab fragment may be
directly obtained from an Fab expression library (Huse et al.,
1989, Science 254:1275-1281).

Polyclonal antibodies of the present invention may be pre-
pared employing PHB or immunogenic fragments thereof as
antigen by standard immunization protocols of a host, e.g. a
horse, a goat, a rabbit, a human, etc., which standard 1mmu-
nization protocols are known by a person skilled 1n the art.
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Fragments of polypeptides or/and peptides, in particular
immunogenic fragments of SEQ. ID. NO:2 or a Raf kinase
may have a length of at least 5 amino acid residues, preferably
at least 10, more preferably at least 20 amino acid residues.
The length of said fragments may be 200 amino acid residues
at the maximum, preferably 100 amino acid residues at the
maximum, more preferably 60 amino acid residues at the
maximum, most preferably 40 amino acid residues at the
maximuin.

It can easily be determined by a skilled person 11 a gene 1s
upregulated or downregulated. In the context of the present
invention, upregulation of gene expression may be an upregu-
lation by a factor of at least 2, preferably at least 4. Down-
regulation in the context of the present mvention may be a
reduction of gene expression by a factor of at least 2, prefer-
ably at least 4. Most preferred 1s essentially complete inhibi-
tion of gene expression.

“Reduction (increase) of the amount” may be a downregu-
lation (upregulation) of gene expression by a factor of at least
2, preferably at least 4. In the case of reduction, essentially
complete inhibition of gene expression 1s most preferred.
Examples are reduction of the amount of PHB or reduction
(1ncrease) of the gene product amount of the genes of Table 1
or/and 2.

“Reduction (increase) of the activity” may be a decrease
(1ncrease) of activity of a gene or gene product by a factor of
at least 2, preferably at least 4. In the case of activity reduc-
tion, essentially complete inhibition of activity 1s most pre-
terred. An example relevant for the present invention 1s reduc-
tion of PHB activity or reduction (increase) of activity of the
genes ol Table 1 or/and 2.

A “target” or “target gene” for treatment of hyperprolifera-
tive disorders 1n the context of the present invention 1s a gene
the expression of which is influenced by prohibitin inhibition.
Prohibition inhibition may be provided by downregulation of
PHB expression or by inhibition of PHB activity by an inhibi-
tor of the present mnvention as discussed above.

The surprising finding of the present invention that PHB
inhibition 1s a promising approach for treatment of hyperpro-
liferative disorders leads to the conclusion that also genes
which act downstream of PHB 1n the signalling cascade may
be suitable targets for treatment of hyperproliferative disor-
ders. Therelfore, subject of the present invention 1s a method
for identification of target genes for treatment of hyperprolii-
erative disorders, based upon inhibition of PHB.

The term “target” also includes a gene product (RNA, 1n
particular mRINA, tRNA, rRNA, a polypeptide or/and a pro-
tein) of the target gene. Preferred gene products of a target
gene are selected from mRNA and a polypeptide or a protein
encoded by the target gene. The most preferred gene product
1s a polypeptide or protein encoded by the target gene. A
protein or polypeptide of the present invention may be post-
translationally modified or not.

In the context of the present invention, “activity” of the
gene or/and gene product includes transcription, translation,
posttranslational modification, modulation of the activity of
the gene product by ligand binding, which ligand may be an
activator or inhibitor, etc.

In the case of PHB, “activity” also includes targeting of
PHB to membranes, targeting of a Raf kinase, 1n particular of
Rai-1 to membranes, posttranslational modification of PHB,
in particular required for PHB or/and Raf kinase, 1n particular
Rai-1 targeting to membranes.

Examples of genes which are upregulated by PHB 1nhibi-
tion are described in Table 1. Examples of genes which are
downregulated by PHB inhibition are described in Table 2.
The targets of Table 1 or/and 2 may be used for 1identification
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of new compounds for treatment or/and prophylaxis of hyper-
proliferative disorders. Therefore, yet another subject of the
present invention 1s a screening method for identification of a
compound suitable for treatment of a hyperproliferative dis-
order based upon the genes of Table 1 and 2.

The compound to be identified by the method of the present
invention 1s a compound which increases the amount or/and
the activity of the gene product of the at least one gene of
Table 1 or decreases the amount or/and activity of the gene
product of the at least one gene of Table 2. Therefore, the
compound to be 1dentified may be an 1nhibitor or an activator
ol a target gene or a gene product thereof.

The inhibitor or activator of a target gene or a gene product
thereof may be selected from the group of nucleic acids,
nucleic acid analogues such as ribozymes, peptides, polypep-
tides, and antibodies. A nucleic acid inhibitor or activator of a
target gene or gene product thereof can be

1 an RNA molecule capable of RNA interference,

11 a precursor of the RNA molecule (1), or

111 a DNA molecule encoding the RNA molecule (1) or the

precursor (11).

The antibody may be an antibody specific for a gene prod-
uct of a target gene, 1n particular an antibody specific for a
polypeptide or protein encoded by a target gene. Production
of a switable antibody 1s described above in the context of
prohibitin.

The 1nhibitor or activator of a target gene or gene product
thereof may be used for the manufacture of a pharmaceutical
composition for treatment or/and prophylaxis of a hyperpro-
liferative disorder.

In the method of the present invention for 1dentification of
a compound suitable for treatment of a hyperproliferative
disorder based upon the genes of Table 1 and 2, preferably
employed are genes listed 1n Table 1 and 2 1involved 1n cancer
signalling, angiogenesis, adhesion, invasion or/and metasta-
s1s formation.

Most preferred genes listed 1n Table 1 and 2 are genes
involved in cancer signalling: NM_ 004419, DUSP5 dual
specificity phosphatase 5, direct target of p53; U21049,
DD96, epithelial protein up-regulated 1n carcinoma, mem-
brane associated protein 17; NM__ 005130 HBP177 (heparin-
binding growth factor binding protein), which binds to HB-
EGF which activates the RAS-signaling pathway.

Further most preferred genes listed 1n Table 1 and 2 are
genes encoding angiogems factors: NM__003370, VASP,
vasodilator-stimulated phosphoprotein, direct angiogenic
activity, which plays also a role 1n cell motility and metastasis
formation; NM_ 139314, ANGPTL4, Homo sapiens
angiopoietin-like 4 (ANGPTL4), transcript variant 1;
NM_ 006108, SPON1, Homo sapiens spondin 1, extracellu-
lar matrix protein (SPON1), having a potential function as an
angiopoietin or/and as spondin.

Further most preferred genes listed in Table 1 and 2 are
genes ivolved 1n adhesion, invasion and metastasis:
NM_ 003255, TIMP2, tissue inhibitor of metalloproteinase
2, which plays an important role i invasion and metastasis
formation by inhibiting metalloproteases; NM_ 006108,
SPONI1, Homo sapiens spondin 1, extracellular matrix pro-
tein (SPONT1); NM__ 000213, ITGB4, integrin beta 4, Extra-
cellular matrix binding and signaling, plays an important role
in adhesion and 1nvasion; NM__ 0123835 P8, p8 protein (can-
didate of metastasis 1); NM__ 004360, CDH]1, cadherin 1,
type 1, E-cadherin (epithelial), plays an important role in
adhesion and invasion as a protein ivolved 1n cell-cell con-
tact formation; NM_ 017717, MUCDHL, mucin and cad-
herin-like; NM__ 005130 HBP17 (heparin-binding growth
factor binding protein), which binds to HB-EGF which acti-
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vates the RAS-signaling pathway; NM_ 002272, KRT4,
Homo sapiens keratin 4 (KR14), which 1s mnvolved 1n adhe-

sion and wound healing; NM__ 004363 CEACAMYS (Homo
sapiens carcinoembryonic antigen-related cell adhesion mol-
ecule 5) and NM_ 002483 CEACAMSO6 (carcinoembryonic
antigen-related cell adhesion molecule 6). Carcinoembryonic
antigen (CEA) 1s one of the most frequently used serum tumor
markers for carcinoma, particularly 1n colorectal cancer. The
role of CEACAM 1n tumor growth 1s complex, with appar-
ently conflicting effects on tumor growth seen in different
tumor models. Studies 1n breast and prostate cancer models
suggest that CEACAM may be a tumor suppression gene,
whereas other models suggest CEACAM may be imnvolved 1n
tumor invasion and metastasis.

The invention 1s further illustrated by the following figures,
tables and examples.

FIGURE AND TABLE LEGENDS

FIG. 1: Knock down of prohibitin induces changes in epi-
thelial cell morphology. Transfection of siPHB reduces the
mRNA level (A) and the protein level (B) of prohibitin com-
pared to control transtections (silLuc or s1GFP, respectively).
Knock down of prohibitin (siPHB) induces the aggregation

and reduced migration of epithelia cancer cells not seen 1n
control cells (siGFP) (C). Transfection of siPHB-3 reduces

the PHB mRNA (D) and protein level (E). Expression of the
cloned PHB gene pPHB-c 1n siPHB-3 transiected cells
restores PHB expression. PHB-c harbours a N-terminal Flag-
tag and has therefore a slightly increased molecular mass
compared to endogenous PHB. Expression of the cloned
prohibitin pPHB-c 1n siPHB-3 transfected cells prevents cell
cluster formation. For details, see Materials and Methods.

FIG. 2: Knock down of prohibitin induces the formation of
adherens junctions and changes in epithelial morphogenesis.
Knock down of prohibitin (siPHB) induces the formation of
multilayered epithelial cell clusters (A, B) whereas control
cells (siLuc) form monolayers (C,D). Samples were analyzed
by scanning (SEM, A+C) and transmission electron micros-
copy (TEM, B+D).

Confocal immmunofluorescence analysis of prohibitin
knock down cells (E, F, G) and controls (H, I, I). Cells with
reduced prohibitin expression show a strong membrane stain-
ing for pan-cadherin (E) and 3-catenin (F) while staining of
control cells reveals a reduced membrane signal and a diffuse
cytoplasmic pattern (H, I). G and J show the respective over-
lays including a DNA stain. G', I' and G",J" are XZ and YZ
reconstructions of confocal Z stacks. The reconstructions
clearly reveal that the cell clusters of prohibitin knock down
cells are multilayered. Induction of cell migration on collagen
by EGF 1s impaired in prohibitin knock down cells. Shown
are the mndividual frames from various time points of a time-
lapse video on the control and prohibitin knock down cells
with EGF.

FIG. 3:

Prohibitin 1s Required During EGF Induced Rai-MAPK
Activation

Hela cells transfected with control siRNA (siLam), siHer-2
and siPHB were treated with EGF and the phosphorylation of
ERK,AKT (A)and Raf-1 (B)was determined by immunoblot
analysis with phospho-specific antibodies. Complementation
ol siPHB transiected HelLa cells restores Rat-1 activation (D).
Shown are the levels of Raf-1 pS259 and Raf-1 pS338 blots
revealing an increase in Rat-1 pS259 phosphorylation in cells
transiected with siPHB-3 (D).

Addition of Phorbol ester (PMA) leads to rapid resolution
of cell clusters and the activation of ERK 1rrespective of PHB
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levels (E, F). Shown are different time points from a time
lapse microscopy of siPHB transfected cells treated with
PMA (E). Co-expression ol constitutively active RaiBXB
(G,H) orthe cloned PHB gene restore ERK activation and cell
cluster formation 1n s1iPHB transfected cells.

FI1G. 4:
PHB 1s Required for the Activation of Raf-1 by Ras.

Prohibitin and Raf-1 were found 1n the caveolin rich frac-
tion of the plasma membrane 1n cells with normal prohibitin
expression (A; siLuc). Rat-1 1s lost from the caveolae 1n cells
with reduced levels of PHB (A; siPHB). The different frac-
tions and the respective concentration of sucrose obtained
alter gradient centrifugation are indicated. Caveolin-1 (Cav-
1) as marker for caveolae as well as PHB and Raf-1 were
detected by immuno blotting. Ras-Raif-1 interaction 1is

impaired in PHB knock down cells (B). Hela cells trans-

tected with control siRNA (siL.uc) or siPHB were treated with
or without EGF. Ras was then immunoprecipitated using
pan-Ras antibody and co-precipitating Rai-1 was detected by
immunoblotting (IP). Amounts of PHB and Rai-1 were veri-
fied 1 the whole cell lysates (lysate). Active Ras fails to
activate Raf-1 and ERK 1n PHB knock down cells (D). HelLa
cells transfected with control siRNA (siLuc) or siPHB and
expression plasmids for H-Ras or H-Ras((G12V) were treated
with EGF or butfer. Activation of Raf-1 and ERK was tested
by immunoblot analysis using phoshpo-specific antibodies as
indicated. Expression of Ras constructs was verified by using
anti-HA tag antibody.

F1G. 5:

Nucleotide Sequence encoding PHB (GenBank-Acces-
sion-No. NM__002634, SEQ. ID. NO:1). The coding region
1s given 1n bold letters.

FI1G. 6:

Amino acid sequence of PHB (GenBank-Accession-No.
NM_ 002634, SEQ. ID. NO:2).

FIGS. 7A, B and C: Formation of cell clusters as conse-

quence of silencing PHB expression in HEp-2 cells. Trans-
fection of siPHB-2 reduces the mRNA level (A) and the

protein level (B) of prohibitin compared to control transiec-
tions (s1iLuc or siGFP, respectively). Knock down of prohib-
itin (siPHB-2) induces the aggregation and multilayered
organisation of HEp-2 cells not seen 1n control cells (siGFP)

(©.
FIGS.8A, B, C and D: Knock Down of Her-2 Results in the
Formation of Cell Clusters.

Validation of siHer-2 by quantitative realtime PCR 1ndi-
cates reduced Her-2 mRNA levels of about 80% of control
(siLuc) (A). Transfection of siHer-2 induces the formation of
cell clusters (B). Transfection of siHer-2 but not of siPHB
reduces the surface exposure of Her-2 (C). Shown 1s a FACS

analysis of cells transfected with siHer-2 (No. 1), siPHB (No.
3) or siLuc (No. 4). Cells were stained with anti-Her-2 anti-

body (Nos. 1, 3, 4) or a 1sotype control (No. 2). Relative
expression ol prohibitin, Her-2 and EGEFR 1n cells transtected

with silLuc (Luci) or siPHB (PHB) (D).
FI1G. 9: Endogenous Rai-1 Interacts with PHB

Endogenous PHB was precipitated from EGF or bufler

treated Hela cells and co-precipitating Raf-1 was deter-
mined. Raf-1 and Raf-1 pS338 strongly interact with PHB. IP
with HA-antibody was used as an 1sotype control.

Table 1: Genes up-regulated 1n prohibitin depleted cells
Table 2: Genes down-regulated 1n prohibitin depleted cells
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EXAMPLE 1

Materials and Methods

Cell Culture

HeLacells, HEp-2 cells, AGS cells were cultured in RPMI-
1640 medium supplemented with 10% fetal calf serum
(Gibco BRL, Karlsruhe, Germany), and penicillin (100

U/ml)/streptomycin (100 pg/ml) (Gibco BRL, Karlsruhe,
Germany) at 37° C. 1 5.0% CO,. Cells were serum starved
for 4-6 h prior to the addition of EGF (Promocell) at a final

concentration of 20 ng/ml. MEK-1 inhibitor PD98059 was

purchased from (Calbiochem).
Transiection of siRNAs

In order to silence expression of prohibitin, 50,000 cells/
well were seeded 1 a 12 well plate at least 20 h prior to
transiection. siRNAs were transfected using the Transmes-
senger transfection kit and RNAifect transfection kit
((Qiagen). Two days post transiection, the nearly confluent
cells were trypsinized and one half of the cells was seeded on
glass cover slips 1 a 12 well plate for immunofluorescence
analysis while the other half was used for western blot analy-
s1s. The following siRNAs were employed 1n this study:

(SEQ. ID. NO: 3)
g1GFP 5'-AAGUUCAGCGUGUCCGGCGAG-3",

(SEQ. ID. NO: 4)
giluc-5"'-AACUUACGCUGAGUACUUCGA-3 ",

(SEQ. ID. NO: 5)
g1PHB S5'UGUCAACAUCACACUGCGCATATR!
and

(SEQ. ID. NO: 6)
GCGCAGUGUGAUGUUGACAATAT

(SEQ. ID. NO: 7)
g1PHB-2 AGCCAGCTTCCTCGCATCTATAT,
and

(SEQ. ID. NO: 8)
AGATGCGAGGAAGCTGGCTAGAG,

(SEQ. ID. NO: 9)
gi1PHB-3 5'-CCCAGAAAUCACUGUGAAATAT-3"',
and

(SEQ. ID. NO: 10)

TTTCACAGUGAUUUCUGGGATAT .

For complementation experiments, cells grown to 80%
confluence were transiected with the siPHB-3 siRNA (80
nM) and the full length PHB open reading {frame cloned in
pcDNA3-myc vector (0.5 ug) or the RaitBxB construct (0.5
ug) (a kind gift from Ulf Rapp) using RNAifect transiection
kit as mentioned before. The control cells were transtected
with the empty vector and a siRINA directed against luciferase
(s1Luc).

Validation of mRNA Levels by Quantitative Realtime PCR

20,000 cells/well were seeded 1n a 96 well plate one day
prior to transfection. Transtection was performed with 0.25
ug siRNA directed against PHB and Luciferase as control and
2 ul Transmessenger per well according to manufacturer’s
instructions. After 48 h, RNA was 1solated using the RNe-
asy® 96 BioRobot® 8000 system (Qiagen). The relative
amount of PHB mRNA was determined by real time PCR
using Quantitect™ SYBR® Green RT-PCR Kit from Qiagen
following manufacturer’s instructions. The expression level
of PHB mRNA was normalized against the internal standard
GAPDH. The following primers were used:



US 8,658,015 B2

11

(SEQ. ID. NO: 11)
PHB-5"'": b'-CTTTGACTGCCGTTCTCGAC-3",

(SEQ. ID. NO: 12)
PHB-3"': b'-TGGGTGGATTAGTTCTCCAGC-3", 5

and

(SEQ. ID. NO: 13)
GAPDH-5"'": b5'-GGTATCGTGGAAGGACTCATGAC-3",

(SEQ. ID. NO: 14) 1O
GAPDH-3': 5'-ATCCCAGTCAGCTTCCCGTTCAG-3" .

Preparation of Caveolae Rich Fractions

Detergent extraction and floatation were performed as
described previously (22). Shortly, ME-180 or HeLa cells 13
transfected with siRNAs were solubilized 1n 1% Triton
X-100, MBS [Mes-butlered saline; 0.25 M NaCl and 25 mM
Mes (pH 6.8)] and a cocktail of protease inhibitors on 1ce for
1 h without agitation. The cell lysates were adjusted to 45%
sucrose 1n MBS, overlaid with 7 ml of 35% and 2 ml 5%
sucrose in MBS, and centrifuged for 18 h at 36,000 rpm 1n a
SW40Ti1 rotor (Beckman Instruments). Twelve 1 ml fractions
were collected from the top of the gradient and were assayed
for protein content, caveolin-1, Raf-1, Ras and prohibitin. 55

SDS-PAGE and Western Blot

For SDS-PAGE, cells were lysed 1n single detergent butier
(20 mM Tns-HCI pH 7.5, 150 mM NaCl, 1% NP-40, 1
ugml™" Aprotinin, 0.5 ngml™" Leupeptin, 1 mM Pefabloc, 10
uM Pepstatin) for 15-20 min on 1ice and sonicated twice for 15
sec. Lysates were cleared by centrifugation for 10 min at
13,000 rpm, Sample butler was added to these lysates and
boiled at 90° C. for 2 min before loading onto the gels. After
separation the proteins were transferred to PVDF-mem- 33
branes. For immunoblot analysis membranes were blocked
with 3% BSA m TBS with 0.5% Tween-20 for 2 h and
incubated with anti-prohibitin (Neomarkers), anti-alpha
tubulin antibody (Sigma), anti-E-cadherin (Zymed labs),
anti-Pan-cadherin (Sigma) or anti-beta-catenin (Sigma) anti- 40
caveolin (N20, Santa Cruz Biotechnology), c-Raf rabbait
polyclonal antibody (Santa Cruz Biotechnology), c-Raf
mouse monoclonal antibody (Pharmingen), Caveolin mouse
monoclonal antibody, anti-Raf-1 pS338 and anti-Rai-1
pS239 rabbit monoclonal antibody (Cell signalling), phos-
pho-MEK (Cell signalling), anti-beta actin monoclonal anti-
body (Sigma), anti-Her-2 rabbit polyclonal antibody from
(Cell signalling) (anti-pan-Ras monoclonal antibody (Pharm-
ingen), phosphor-ERK, Anti-ERK?2 antibody, EGFR-anti-
body and anti-Myc 9E10 mouse monoclonal antibody (Santa
Cruz). Antigen antibody complexes were detected by horse-
radish peroxidase coupled antibodies (Pharmingen) followed
by enhanced chemiluminescence (NEN).

FACS Analysis 55

For surface staining of Her-2, Hela cells transfected with
s1IRNAs were detached by Accutase treatment 60 h post trans-
tection. The cells were washed once with PBS and incubated
in PBS with 2% BSA for 20 min at room temperature. The
cells were once again washed with PBS and stained with
FITC coupled anti-Her-2 antibody (Bender med systems)
diluted 1n BSA containing PBS at a final dilution of 1:50 and
incubated at room temperature for 40 min. At the end of the
incubation the cells were washed twice with PBS and the 45
labelled cells were detected using a Becton Dickinson flow
cytometer.

20
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45
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60
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Immunoprecipitation
Cells were washed in1ce cold PBS and lysed in RIPA butfer

containing 20 mM Tris-HCI pH 7.5, 150 mM NaCl, 0.5%
NP-40, 0.5% Triton X-100, 1 mM NaVO,, 10 mM Na-pyro-
phosphate, 1 mM NaF, 0.5 mM EDTA, 0.5 mM EGTA, 1 mM
DTT, 1 ug/ml Aprotinin, 0.5 pg/ml Leupeptin, 1 mM
Pefabloc, 10 uM Pepstatin for 30 min on 1ce and sonicated
twice for 10 sec. Lysates were cleared by centrifugation for 15
min at 13,000 rpm. Supernatants were icubated with agar-
ose-coupled anti-H-Ras (Santa Cruz Biotechnology) or Rat-1
(C-12, Santa Cruz Biotechnology) for over night. In the latter
case the antigen-antibody complexes were pull down by
Sepharose coupled protein A/G beads.
In Vitro Kinase Assay

For 1n vitro kinase assays, Hela cells transfected with siR-
NAs were treated with or without EGF and cell lysates were
prepared for immunoprecipitations as mentioned betfore. The

immunoprecipitated Rai-1 was washed twice with RIPA
buifer and kinase butier w/o ATP (25 mM Hepes-NaOH pH

7.5, 5 mM MgC(Cl,, 4 mM MnCl,). The beads were incubated
at 30° for 30 min in the presence of [y-"*P] ATP in kinase
butiler supplemented with 30 uM ATP with or without 2 pug of
MEK-1 full length protein (Santa Cruz) 1n a total volume of
40 ul. Kinase reactions were terminated by addition of SDS
sample builer and boiling. The proteins were separated by
SDS-PAGE and analyzed by autoradiography.
Transmission Electron Microscopy

siIRINA transfected Hela cells were trypsinized and seeded
on glass coverslips at 48 h post transtection. After 60 h, cells
were fixed with 2.5% glutaraldehyde, postiixed with 0.5%
osmium tetroxide and contrasted using tannic acid and uranyl
acetate. Specimens were dehydrated 1n a graded ethanol
series and embedded in Polybed. Ultrathin sections were
analysed 1n a Leo 906E transmission electron microscope
(Leo Oberkochen).
Scanning Flectron Microscopy

Samples grown on glass coverslips were fixed 1n 2.5%
glutaraldehyde, dehydrated 1n a graded ethanol series, criti-
cal-point dried and coated with a layer of 2 nm platinum/
carbon. Specimens were analysed 1 a Leo 1550 field emis-
s10n scanning electron microscope (Leo, Oberkochen).
Immunotluorescence Microscopy

siIRINA transiected cells were seeded on glass coverslips at
48 h post transiection and fixed with 4% PFA/PBS at 60 h post
transiection. The fixed cells were washed once with PBS and
permeabilised with 1% Triton/PBS for 1 min and blocked
(1% BSA, 5% NGS, 0.05% Tween 20 1n PBS for 1 h. The
samples were mncubated with antibodies against Pan-Cad-
herin (Sigma) and ?-Catenmin (Sigma) 1n blocking butier. After
washing, bound antibodies were detected using goat anti-
mouse Cy2 and goat ant1 rabbit Cy3 secondary antibodies.
Nuclei were stained with Draq 5 (Bilostatus LTD). Tr1 colour
/-stacks were generated using a Leica TCS-SP confocal
microscope (Leica Microsystems). For 3-dimensional analy-
s1s, stacks were processed using Volocity software (Improvi-
s1011).

EXAMPLE 2

Microarray Method

In a microarray analysis, target genes were identified
which are downregulated or upregulated in prohibitin
depleted cells. Results are summarized 1n Tables 1 and 2.

Microarray experiments were carried out as two-color dye-
reversal ratio hybridizations on a 44.000 Whole Human
Genome Oligo Microarray AMADID 012391 with 37327
records and 43931 features (Agilent Technologies, Palo Alto,
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Calif., USA). RNA labeling was performed with a Fluores-
cent Linear Amplification Kit (Agilent Technologies). In
briel, cDNA was reverse transcribed from 4 ug total RNA

LV-RT. Second
strand synthesis was carried out with random hexamers. Fluo-

with an oligo-dT-T7 promoter primer and MM

rescent anti-sense CRNA was synthesized with either cyanine
3-CTP (Cy3-CTP) or cyanine 5-CTP (Cy5-CTP) and T7
polymerase. The fluorescent-labeled anti-sense cRNA was
precipitated over night with LiCl, ethanol washed and resus-
pended 1n water. The punfied products were quantified at
Ao, Tor Cy3-CTP and A..,, . Tor Cy5-CTP and labeling
cificiency was verified with a Nanodrop photometer (Kisker,
Steinfurt, Germany). Before hybnidization, 1.25 ug labeled
cRNA of each product were fragmented and mixed with

control targets and hybridization builer according to the sup-
plier’s protocol (Agilent Technologies). Hybridizations were
done over night for approximately 17 h at 60° C. The shides
were washed according to the manufacturer’s manual and
scanning ol microarrays was performed with 5 um resolution
using a DNA microarray laser scanner (Agilent Technolo-
gies). In order to compensate dye specific effects, and to
ensure statistically relevant data (G. A. Churchill, Fundamen-
tals of experimental design for cDNA microarrays, Nat
Genet. 32 Suppl (2002) 490-495), a color swap dye reversal
was pertormed. Features were extracted with an 1mage analy-
s1s tool Version A 6.1.1 (Agilent Technologies) using default
settings. Data analysis was carried out on the Rosetta Inphar-
matics plattorm Resolver Built 4.0. Ratio profiles were gen-
crated from raw scan data by a processing pipeline which
includes pre-processing (Feature Extraction) and post-pro-
cessing (Rosetta Resolver) of data and error model adjust-
ments to the raw scan data. Ratio profiles were combined in an
error-welghted fashion (Rosetta Resolver) to create ratio
experiments, and ratio experiments consisted of one or more
ratio profiles. Expression patterns were 1identified using strin-

it i

s of the ratio

gent analysis criteria of 2-fold expression cut-o
experiments and an anti-correlation of the dye reversal ratio
profiles. Anti-correlation was determined by using the ‘com-
pare function’ to match two color-swap dye-reversal hybrid-
1izations and to decide how similar or dissimilar they were. In

this way, only anti-correlated spots that had on the one array
a red colour and on the other one a green colour and vice versa
were selected. We compared color-swap dye-reversal hybrid-
izations of individual 2 two-channel hybridizations resulting
in unchanged genes, query signature genes, target signature
genes, common signature genes and anti-correlated genes. By
combining the first and the second criteria of analysis we
filtered out data points with low P-value (P-value<0.01),
making the analysis robust and reproducible. Additionally, by
using this strategy we did the data selection independent of
error models implemented 1n the Rosetta Resolver system.
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<le0> NUMBER OF SEQ ID NOS:
<210> SEQ ID NO 1

<211> LENGTH: 1826

<212> TYPE: DHNA

<213> ORGANISM: human
<220> FEATURE:

«221> NAME/KEY: CDS

<222> LOCATION: (74)..(892)
<400> SEQUENCE: 1

agtatgtgtg gttggggaat tcatgtggag gtcagagtgg aagcaggtgt gagagggtcc

14

SEQUENCE LISTING
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agcagaagga aac atg gct gcc aaa gtg ttt gag tcc att ggc aag ttt

ggc
Gly

aat
ASnh

gtg
Val
45

gta
Val

cCa
Pro

cgc
Arg

agc
Ser

gay
Glu
125

acc
Thr

cga
ATrg

ctyg
Leu

gct
Ala

caa
Gln
205

gct
Ala

gay
Glu

ctg
Leu

gtg
Val
30

cag
Gln

cag
Gln

gtc
Val

atc
Tle

atc
Tle
110

atc
Ile

cag
Gln

gcc
2la

acc
Thr

cag
Gln
190

cag
Gln

gay
Glu

ctyg
Leu

gcc
Ala
15

gat
ASP

gac
ASP

daad

atc
Tle

ctc
Leu
o5

g9ga
Gly

ctce
Leu

aga
ATrg

gcc
Ala

| e
Phe
175

cag

Gln

dad

ctg
Leu

cgc

tta
Leu

gct
Ala

attc
Ile

cca
Pro

act
Thr
80

Ctce
Phe

gay
Glu

aag
Lys

gay
Glu

acc
Thr
160

999
Gly

gaa
Glu

aag

atct
Ile

aag
Lys
240

gct
Ala

g9Y
Gly

gtg
Val

att
Tle
65

ggt
Gly

cd9
Arg

gac
AsSp

tca
Ser

ctyg
Leu
145

CCt

Phe

aag

gca
Ala

gcd
Ala

gcc
Ala
225

ctyg
Leu

gtt
Val

cac
Hisg

gta
Val
50

atc
Tle

agc
Ser

cct
Pro

tat

gtg
Val
130

gtc
Val

999
Gly

gag
Glu

gay
Glu

gcc
Ala
210

aac
Agn

gaa
Glu

gca
Ala

aga
Arg
35

999
Gly

CttC
Phe

dada

gtc
Val

gat
Asp
115

gtg
Val

tcc
Ser

ctce
Leu

ct¢e
Phe

adg9
Arg

195

atc
ITle

tca
Ser

gct
bAla

g4ya
Gly

20

gct
Ala

gaa
Glu

gac
ASP

gat
ASP

gcc
Ala
100

gay
Glu

gct
Ala

agy9y
ATy

atc
Tle

aca
Thr
180

gcc
Ala

atc
Ile

ctyg
Leu

gca
Ala

gyc
Gly

gtc
Val

9499
Gly

tgc
Cys

tta
Leu
85

agc
Ser

cgt
Arg

cgc
ATg

cag
Gln

ctg
Leu
165

gaa
Glu

aga

tct
Ser

gcc
Ala

gagd
Glu
245

gtg
Val

atc
Ile

act
Thr

cgt
70

cag
Gln

cag
Gln

gtg
Val

cct
Phe

gtg
Val
150

gat
ASp

gcgd
Ala

cct
Phe

gct
ala

act
Thr
230

gac
ASp

gtg
Val

CCt
Phe

cat
His
55

tct
Ser

aat
ASnh

ctt
Leu

ctg
Leu

gat
ASDP
135

agc
Ser

gac
ASpP

gtg
Val

gtg
Val

gagy
Glu
215

gca
Ala

atc
Tle

aac
ASn

gac
ASP
40

CtC
Phe

cga
ATYg

gtc
Val

cct
Pro

ccg
Pro
120

gct
Ala

gac
ASDP

gtg
Val

gaa
Glu

gtg
Val
200

ggc
Gly

99Y
Gly

gcd
Ala

tct
Ser
25

cga
Arg

ctce
Leu

cCa
Pro

aac
Agn

cgc
Arg
105

tcc
Ser

ggda
Gly

gac
Asp

tcc
Ser

gcc
Ala
185

gaa
Glu

gac
Asp

gat
Asp

tac
Tyr

gcc
2la

CtCc
Phe

atc
Ile

cgt
ATrg

atc
Tle
00

atc
Tle

atc
Tle

gaa
Glu

ctt
Leu

ttg
Leu
170

tcc
Ser

gyc
Gly

cag
Gln
250

tta
Leu

cgt
ATrg

ccyg
Pro

aat
Agn
75

aca
Thr

|l e
Phe

aca
Thr

cta
Leu

aca
Thr
155

aca

Thr

cag
Gln

gct
Ala

aag

ctg
Leu
235

ctce
Leu

Met Ala Ala Lys Val Phe Glu Ser Ile Gly Lys Phe
10

tat

gya
Gly

tgg
Trp

60

gtg
Val

ctg
Leu

acg
Thr

act
Thr

atc
Ile
140

gay
Glu

cat
His

gtg
Val

gay
Glu

gca
Ala
220

atc
Ile

tca
Ser

60

1095

157

205

253

301

349

397

445

493

541

589

6377

685

733

781

829

16



cgc
ATg

cag
Gln

tct
Ser

ctg
Leu

c9Y
ATg

255

coc
Pro

aac
ASn

cag
Gln

17
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atc acc tac ctg cca gcg ggg cag tcce gtg cte ctce
Ile Thr Tvyvr Leu Pro Ala Gly Gln Ser Val Leu Leu

260

265

tga gggcccacce tgcecctgcacce tceccecgegggcet gactgggceca

270

cagccccgat

atttcatgat

gtctatcaaa

taccaaaaat

gagttccggce

gyggagcaca

tttgcggatyg

tcectgtgeag

tgttaccata

tgggcacaga

gggtcctaaa

tcectgttgaa

tccaacttga

ctacgttcct

ggaaggaaac

gattcttaac
tggcttaaag
tgaaactctt
tgccaagtgce
ctgggcacca
ggtgtctgcc
agggcatgtg
atgctgctga
agtctgattc
ttgaagaatc
acttggatgg
gacttcctcet
aggattgcat
ggccecoctey

aaatgtgtat

<210> SEQ ID NO 2

<211> LENGTH:
<212> TYPERE:
<213> ORGANISM:

272
PRT
human

<400> SEQUENCE: 2

acagccttcec

tgaaggaaat

Ccattcttct

ctatgcaaac

gcatttggca

tagatccacyg

cggctgaact

agagaggtgc

tctttaactyg

tgccccectgtt

acttgtatag

ctacccecoccecea

cctgctggygyg

ttcagagact

aaactgctgt

ttctgcectecc

aaaggtaaaa

cacatccatc

cagctttagy

gcacgcaggc

tgtggcctcc

gadgaaggceag

Cg999a9y999Y

tgtgaccagc

gaggtgggtyg

tgagagaggda

ccttggtecc

ctgaacatgc

gCcCccCcttctca

caataaatga

accccagadaa

tcacttcaga

Cactttttta

tcccaattcyg

ggggcagtat

gtcctgtcac

gcctcocgtet

cagagaggaa

ggaaacaggt

ggcctgactyg

ggcctggacc

tctcagatac

ctgccaaaga

cgggctctat

cacccaygacc

tcactgtgaa
Cctctaatta

tccacctceccece

gggcctgctg

gtgatggact

tgatggaagg

tcccageggt

gtggtctgtc

gtgtgtgaac

ttgcccccca

gagatgtgag

ccagtggaat

cgtgtcocgac

gcctgcacty

CLcCcc

Met Ala Ala Lys

1

Ala

Gly

Val

ITle

65

Gly

ATrg

ASpP

Ser

Leu

145

Phe

Val

His

Val

50

Ile

Ser

Pro

Val
120

Val

Gly

Ala
Arg
35

Gly

Phe

Val

ASP

115

Val

Ser

Leu

Gly

20

Ala

Glu

ASP

ASDP

Ala

100

Glu

Ala

ATg

Tle

Vval

Gly

Vval

Gly

Leu

85

Ser

Arg

Arg

Gln

Leu
165

Phe

Val

Tle

Thr

ATg

70

Gln

Gln

Val

Phe

Val

150

ASpP

Glu

Val

Phe

Hisg

55

Ser

Asn

Leu

Leu

AsSp

135

Ser

Asp

Ser

Agn

ASDP

40

Phe

ATy

Val

Pro

Pro

120

2la

ASP

Val

Tle

Ser

25

Arg

Leu

Pro

Agn

ATrg

105

Ser

Gly

ASP

Ser

Gly

10

ala

Phe

Tle

Arg

Tle

90

Ile

Tle

Glu

Leu

Leu
170

Leu

Arg

Pro

Agnh

75

Thr

Phe

Thr

Leu

Thr

155

Thr

Phe

Gly

Trp

60

Val

Leu

Thr

Thr

Tle

140

Glu

Hig

Gly

Asn

val

45

Val

Pro

Arg

Ser

Glu

125

Thr

Arg

Leu

Leu

Val

30

Gln

Gln

Val

Tle

Ile

110

Tle

Gln

Ala

Thr

Ala
15
ASP

ASpP

Ile

Leu

o5

Gly

Leu

Arg

2la

Phe
175

Leu

Ala

Tle

Pro

Thr

80

Phe

Glu

Glu

Thr
160

Gly

8777

932

902

1052

1112

1172

1232

1292

1352

1412

1472

1532

1592

leb2

1712

1772

1826

18



Ala

Ala

Ala

225

Leu

ITle

Glu

Glu

2la

210

Agh

Glu

Thr

Phe

Arg

195

Tle

Ser

Ala

Thr

180

Ala

Tle

Leu

Ala

Leu
260

Glu

Ser

Ala

Glu
245

Pro

Ala

Phe

Ala

Thr

230

ASpP

Ala

19

Val

Val

Glu

215

Ala

Tle

Gly

Glu

Val

200

Gly

Gly

2la

Gln

Ala
185
Glu

ASP

ASP

Ser
265

Ser

Gly

Gln

250

Val

Gln

Ala

Leu
235

Leu

Leu

-continued

Val

Glu

Ala

220

Tle

Ser

Leu

Ala

Gln

205

Ala

Glu

Arg

Gln

Gln

120

Gln

Glu

Leu

Ser

Leu
270

Gln

Lys

Leu

Arg

Arg

255

Pro
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Glu

ITle

Lys
240

Agn

Gln

20

<210>
<211>
<212 >
<213>
«220>
<223 >

SEQ ID NO 3

LENGTH: 21

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: siRNA with homology to human gene

<400> SEQUENCE: 3

aaguucagcg uguccggcga g

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 4

LENGTH: 21

TYPE: RNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: giRNA with homology to human gene
<400> SEQUENCE: 4

aacuuacgcu gaguacuucyg a

<210> SEQ ID NO b5

<211> LENGTH: 21

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: giRNA with homology to human gene

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (20)..(21)

<223> OTHER INFORMATION: t at position 20 is dT
t at position 21 1s dT

<220> FEATURE:

<221> NAME/KEY: misc feature

«222> LOCATION: (20)..(21)

<223> OTHER INFORMATION: t at position 20 igs dT
t at position 21 1is dT

<400> SEQUENCE: b5

ugucaacauc acacugcgct C

<210> SEQ ID NO 6

<211> LENGTH: 21

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: giRNA with homology to human gene

<220> FEATURE:

<221> NAME/KEY: misc feature

«<222> LOCATION: (20)..(21)

<223> OTHER INFORMATION: t at position 20 is dT
t at position 21 1s dT

<220> FEATURE:

<221> NAME/KEY: misc feature

<222> LOCATION: (20)..(21)

<223> OTHER INFORMATION: t at position 20 is dT



<400>
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-continued

t at posgition 21 is 4T

SEQUENCE: 6

gcgcagugug auguugacat t

<210>
<211>
<212>
<213>
<220>
<223 >
<220>
<«221>
<222>
<223 >

<220>
«221>
<222>
<223 >

<400>

SEQ ID NO 7

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: giRNA with homology to human gene
FEATURE:

NAME /KEY: misc_feature

LOCATION: (20)..(21)

OTHER INFORMATION: t at position 20 ig dT
t at position 21 1s dT

FEATURE:
NAME /KEY: misc feature
LOCATION: (20)..(21)

OTHER INFORMATION: t at position 20 ig dT
t at position 21 1is dT

SEQUENCE: 7

agccagcette ctegecatett t

<210>
<211>
<212>
<213>
<220>
<223 >
<220>
«221>
<222>
<223 >

<220>
<221>
<222 >
<223 >

<400>

SEQ ID NO 8

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: giRNA with homology to human gene
FEATURE:

NAME /KEY: misc_feature

LOCATION: (20)..(21)

OTHER INFORMATION: g at position 20 ig dG
g at pogition 21 1is dG

FEATURE :
NAME /KEY: misc feature
LOCATION: (20)..(21)

OTHER INFORMATION: g at position 20 1ig dG
g at posgition 21 is 4G

SEQUENCE : 8

agatgcgagyg aagctggctyg g

<210>
<211>
<«212>
<213>
<220>
<223 >
<220>
«221>
<222>
<223 >

<220>
<221>
<222 >
<223 >

<400>

SEQ ID NO S

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: giRNA with homology to human gene
FEATURE:

NAME /KEY: misc_feature

LOCATION: (20)..(21)

OTHER INFORMATION: t at position 20 ig dT
t at pogition 21 is 4T

FEATURE :
NAME /KEY: misc feature
LOCATION: (20)..(21)

OTHER INFORMATION: t at position 20 ig dT
t at position 21 1is dT

SEQUENCE: 9

cccagaaauc acugugaaat t

<210>
<211>
<212 >
<213>
<220>
<223 >
<220>

SEQ ID NO 10

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: giRNA with homology to human gene
FEATURE:

21

21

21

21

22
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23

24

-continued

<221> NAME/KEY: misc feature

«222> LOCATION: (20)..(21)

<223> OTHER INFORMATION: t at posgition 20 igs dT
t at position 21 1s dT

«220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (20)..(21)

<223> OTHER INFORMATION: t at position 20 igs dT
t at position 21 1s dT

<400> SEQUENCE: 10

tttcacagug auuucugggt t

<210>
<211>
«212>
<213>
«220>
<223 >

SEQ ID NO 11

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

gene

<400> SEQUENCE: 11

ctttgactgc cgttctcecgac

<210>
<211>
«212>
<213>
«220>
<223 >

SEQ ID NO 12

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

gene

<400> SEQUENCE: 12

tgggtggatt agttctccag ¢

<210>
<«211>
«212>
<213>
«220>
<223 >

SEQ ID NO 13

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

gene

<400> SEQUENCE: 13

ggtatcgtgg aaggactcat gac

<210>
<211>
«212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

gene
<400>

SEQUENCE: 14

atgccagtga gcttcecccecgtt cag

21

OTHER INFORMATION: oligonucleotide primer with homology to human

20

OTHER INFORMATION: oligonucleotide primer with homology to human

21

OTHER INFORMATION: oligonucleotide primer with homology to human

23

OTHER INFORMATION: oligonucleotide primer with homology to human

23

The mvention claimed 1s:

1. A method for reducing hyper activation of the Ras-
MAPK cascade by inhibition of prohibitin over-expression in
a patient 1n need of such treatment, comprising administering
to said patient a therapeutically effective amount of a com-

pound which inhibits Prohibitin (PHB) together with phar-
maceutically acceptable carriers, adjuvants, diluents or/and
additives.

2. The method as claimed 1n claim 1, wherein said patient
1s sullering from metastatic tumors, bemgn tumors, carci-
noma, neoplastic carcinoma, gastric carcinoma, larynx carci-

60

65

noma, neoplastic thyroid cancer, hepatocellular carcinoma,
hyperplasia, adenocarcinoma, bladder carcinoma, EGFR
overexpressing tumors, Her-2 family overexpressing tumors,
Herceptin resistant tumors, B-Raf transformed tumors,
or/and Raf-1 transformed tumors.

3. The method as claimed 1n claim 1, wherein the com-
pound which 1inhibits Prohibitin (PHB), specifically imnhibits
the interaction of PHB with a Raf kinase.

4. The method as claimed 1n claim 3, wherein the com-
pound which 1inhibits Prohibitin (PHB), specifically imhibits
the binding of PHB to a Raf kinase.
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5. The method according to claim 4, wherein said Raf
kinase 1s Rai-1.

6. The method as claimed 1n claim 1, wherein the com-
pound which 1nhibits Prohibitin (PHB) inhibits activation of
the Ras-Rat signalling pathway.

7. The method as claimed 1n claim 1, wherein the com-
pound which inhibits Prohibitin (PHB) specifically disrupts a
Ras-Ratf interaction.

8. The method as claimed in claim 1, wherein the com-

pound which 1nhibits Prohibitin (PHB) inhibits downstream
of members of the EGFR family.

9. The method as claimed 1in claim 1, wherein the com-
pound which inhibits Prohibitin (PHB) converts tumor cells
from a transformed to a non-transformed phenotype 1n vitro
and 1n vivo.

10. The method as claimed 1n claim 1, wherein the com-
pound which ihibits Prohibitin (PHB) prevents angiogenesis
in fumors.

11. The method as claimed 1n claim 1, wherein the com-
pound which inhibits Prohibitin (PHB) prevents cell migra-
tion in vitro or/and 1n vivo.

12. The method as claimed in claim 1, wherein the com-
pound which inhibits Prohibitin (PHB) down regulates PHB
transcription or/and translation, inhibits targeting of PHB to
membranes, inhibits targeting of a Raf kinase, or/and inhibits
posttranslational modification of PHB.

13. The method as claimed 1n claim 1, wherein the at least
one inhibitor 1s selected from the group of nucleic acids,
nucleic acid analogues, peptides, polypeptides, and antibod-
1e8.

14. The method as claimed 1n claim 13, wherein the nucleic
acid 1s selected from the group consisting of

(1) an RNA molecule capable of RNA interference,

(1) a precursor of the RNA molecule (1), and

(1) a DNA molecule encoding the RNA molecule (1) or the

precursor (11).

15. The method as claimed in claim 14, wherein the DNA

molecule 1s a vector.

5
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16. The method as claimed 1n claim 1, wherein the nucleic
acid 1s a double-stranded RNA molecule with or without a

single-stranded overhang alone at one end or at both ends.

17. The method according to claim 6, wherein the com-
pound which 1nhibits Prohibitin (PHB) inhibits activation of

the Ras-Ral-MAPK pathway or/and the PHB dependent

branch of the Ras signalling pathway.
18. The method according to claim 8, wherein the com-

pound which inhibits Prohibitin (PHB) inhibits downstream
of EGFR and Her-2.

19. The method according to claim 12, wherein the com-
pound which 1nhibits Prohibitin (PHB) 1nhibits targeting of
Rat-1 (C-Rat) to membranes.

20. The method according to claim 12, wherein the com-
pound which 1nhibits Prohibitin (PHB) 1nhibits posttransla-
tional modification of PHB required for the PHB targeting to
membranes or/and required for the targeting of a Raf kinase.

21. The method according to claim 20, wherein the com-
pound which inhibits Prohibitin (PHB) inhibits posttransla-
tional modification of PHB required for the targeting of Rai-1
(C-Rat) to membranes.

22. The method according to claim 13, wherein the nucleic
acid analogue 1s a ribozyme.

23. The method as claimed in claam 16, wherein the
double-stranded RINA molecule 1s a double-stranded siRNA
molecule.

24. The method according to claim 1, wherein said com-
pound which inhibits Prohibitin 1s selected from the group
consisting of nucleic acids, nucleic acid analogues, antibod-
1ies, peptides and polypeptides, wherein said peptides and
polypeptides are immunogenic fragments of SEQ ID NO:2 or
a Rafl kinase and have a length of at least 5 amino acid
residues.

25. The method according to claim 1, wherein said com-
pound which ihibits Prohibitin 1s selected from the group
consisting of siRNAs, small molecules, and antibodies.

G o e = x
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